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+DVQDRXL HW DO >@ VWXGLHG WKH WZRGLPHQVLRQDO QXPHULFDO VWXG\ RI QDWXUDO FRQYHFWLRQ DERYH DQ DUUD\ RI
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WHFKQRORJLHVKHPRGLDO\VLVPDWHULDOPDQXIDFWXULQJWHFKQRORJLHVHWF>@5XGUDLDKHWDO>@DQDO\]HGWKHHIIHFWRI

















g JUDYLWDWLRQDODFFHOHUDWLRQPV xy GLPHQVLRQDOFRRUGLQDWHVP
H +LJKWRIWKHFDYLW\P XY GLPHQVLRQOHVVFRRUGLQDWHV
Ha +DUWPDQQQXPEHU Greek symbols
L OHQJWKRIFDYLW\P Į WKHUPDOGLIIXVLYLW\PV
Nu  DYHUDJH1XVVHOWQXPEHU ȕ 7KHUPDOH[SDQVLRQFRHIILFLHQW.
p GLPHQVLRQDOSUHVVXUHNm Ȗ JHQHUDOGHSHQGHQWYDULDEOH
P QRQGLPHQVLRQDOSUHVVXUH ȝ G\QDPLFYLVFRVLW\NJPV
Pr 3UDQGWOQXPEHU Ȟ NLQHPDWLFYLVFRVLW\PV
Ra 5D\OHLJKQXPEHU ș QRQGLPHQVLRQDOWHPSHUDWXUH
Re 5H\QROGVQXPEHU U 'HQVLW\NJP
J MRXOHKHDWLQJSDUDPHWHU V HOHFWULFDOFRQGXFWLYLW\6P
T WHPSHUDWXUH. ȥ 6WUHDPIXQFWLRQ
Th KRWZDOOWHPSHUDWXUH subscripts
Ti LQOHWIORZWHPSHUDWXUH i LQOHWVWDWH
u, v YHORFLW\FRPSRQHQWVPV

GLPHQVLRQOHVVRVFLOODWLRQ IUHTXHQF\KDYHDSURIRXQGHIIHFWRQ WKHVWUXFWXUHRI IOXLG IORZKHDW WUDQVIHU ILHOGVDQG
VNLQIULFWLRQFRHIILFLHQW<LOPD]DQG2]WRS>@PDGHDQXPHULFDOZRUNRQIRUFHGFRQYHFWLRQLQGRXEOHIDFLQJVWHS
IORZ IRU WXUEXOHQW UHJLPH IRU ZLGH UDQJH RI JHRPHWULFDO SDUDPHWHUV $ VHULDO H[SHULPHQW ZDV SHUIRUPHG WR
LQYHVWLJDWH WKH IORZVWUXFWXUHSDVWD UHFWDQJXODU WULDQJXODUDQGVHPLFLUFXODUFDYLW\RI OHQJWKWRGHSWKUDWLRRI
XVLQJWKH3DUWLFOH,PDJH9HORFLPHWU\3,9WHFKQLTXHIRUODPLQDUIORZUHJLPHE\2]DOSHWDO>@7KH\GLVFXVVHG
WKH HIIHFW RI FDYLW\ VKDSH RQ IORZ VWUXFWXUH ZLWKLQ WKH FDYLW\ LV GLVFXVVHG LQ GHWDLO %XW WKH\ H[KLELW RQO\
K\GURG\QDPLFUHVXOWV0DQFDHWDO>@ZRUNHGRQPL[HGFRQYHFWLRQKHDWWUDQVIHUDQGIOXLGIORZLQDQRSHQFDYLW\








LV OLQNHG WR WKH QHW SUHVVXUH IRUFH LQVLGH WKH FDYLW\5DKPDQ HW DO >@ZRUNHGRQPDJQHWRK\GURG\QDPLFPL[HG
FRQYHFWLRQLQDKRUL]RQWDOFKDQQHOZLWKDQRSHQFDYLW\XVLQJILQLWHHOHPHQWPHWKRG.KDQDIHUDQG9DIDL>@PDGHD






2.1. Physical model 
)LJLOOXVWUDWHVWKHVWXGLHGSK\VLFDOPRGHOZLWKERXQGDU\FRQGLWLRQV7KHOHIWVLGHRIWKHFDYLW\ZDOOLVVKRUWHU
WKDQWKDWRIULJKW7KHFDYLW\LVKHDWHGIURPWKHERWWRPZDOODQGUHPDLQLQJZDOOVDUHDGLDEDWLF/HQJWKRIKHDWHGSDUW



















)LJ6FKHPDWLFRIWKHSUREOHPZLWKWKHGRPDLQDQGERXQGDU\FRQGLWLRQV)LJ*ULGLQGHSHQGHQF\VWXG\ZLWKDW+D - DQG3U 
2.2. Mathematical modeling 
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3.1. Numerical procedure 
*DOHUNLQ ZHLJKWHG UHVLGXDO PHWKRG KDV EHHQ GHSOR\HG WR FDUU\ RXW WKH QXPHULFDO VROXWLRQ (QWLUH GRPDLQ RI




3.2. Code validation 
7KH ZULWWHQ FRGH LV YDOLGDWHG ZLWK HDUOLHU ZRUNV RI 0DQFD HW DO >@ E\ VXSSO\LQJ VDPH IORZ DQG WKHUPDO
FRQGLWLRQV2EWDLQHGUHVXOWVDUHWDEXODWHGLQ7DEOHIRU3U 5H 5L Z+ /+ $YHUDJH
1XVVHOWQXPEHUDQGPD[LPXPWHPSHUDWXUHYDOXHVDUHFRPSDUHG$VLQGLFDWHGIURPWKH7DEOHREWDLQHGUHVXOWVKRZV
JRRGDJUHHPHQWZLWKOLWHUDWXUHUHVXOWV




3.3. Grid Independency test 
*ULG LQGHSHQGHQF\ VWXG\ LV SHUIRUPHG LQ)LJ  DW+D    -    DQG 3U    7KH WHVWV DUH SHUIRUPHG IRU




























SDUDOOHO WRKDOIRI WKHFDYLW\$IWHU WKDWSRLQW WKH LVRWKHUPVPRYH WRFHLOLQJRI WKHFKDQQHOGLDJRQDOO\)RU- 
FUHVFHQWVKDSHGGLVWULEXWLRQLVREVHUYHGRQWKHWRSRIKLJKVLGHRIWKHFDYLW\6LPLODUWHPSHUDWXUHGLVWULEXWLRQVDUH






































































































































x +HDW WUDQVIHUGHFUHDVHVZLWK LQFUHDVLQJRI+DUWPDQQQXPEHU+HDW WUDQVIHUEHFRPHVKLJKHU IRU WKH ORZHVW
YDOXH RI+DUWPDQQ QXPEHU1HYHUWKHOHVVPDJQHWLF ILHOG LV D JRRG SDUDPHWHU WR FRQWURO KHDW WUDQVIHU DQG
IOXLGIORZ
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